We sought to identify pediatric emergency room (ER) utilization at Alexandra Hospital Nevis, WI for asthma.
INTRODUCTION
Asthma has emerged as a significant global public health concern due to its increasing prevalence, its effect on quality of life, and the high cost of care associated with a late diagnosis (1, 2) . In 2002, asthma replaced gastroenteritis as the most frequent diagnosis in Kittitian and Nevisian children.(3) While recognized as a significant health concern to this island Federation, many nations in the Caribbean exhibit similarly high rates of child hospitalizations due to asthma. Surveys of admissions to pediatric hospitals' emergency rooms (ER) throughout the Caribbean revealed that as many as 23% of admissions were visits from patients with asthmatic symptoms.(1) In the report, "Managing Asthma in the Caribbean" authors note, "Furthermore, population-based surveys of Caribbean adolescents report that over 13% of participants admitted to having a past or present diagnosis of asthma." (1) Experts postulate that such high prevalence rates translate into high costs of care (1) . As the Caribbean Health Research Council reported, "…the major contributory factors to asthma morbidity and mortality are an under-diagnosis and inappropriate or inadequate treatment." (1) Consequently, the Nevis Ministry of Health requested that researchers conduct a chart review of the medical records of pediatric patients who are treated at the Alexandra Hospital ER. The broader objective of this collaborative research is to determine if asthmatic patient utilization of the ER is aligned with the distribution of health care on the island.
Questions have been raised regarding the choices made by families and care-givers of asthmatic patients who under-utilize free community clinics, and seek more expensive and significantly less accessible care from hospital ERs.(2) The SKN government prides itself on its guiding principles of equal access, a focus on prevention, and affordability of health care to its citizens. Community clinics, which provide free or heavily subsidized care from the government, are imperative to the health system. Under-utilization of community clinics is of concern to the Ministry of Health because it is believed to have yielded greater costs associated with treating a significant proportion of pediatric asthma cases with services at ERs (2) . There are seventeen free community clinics (eleven located on St. Kitts and six on Nevis), purposely located such that one exists in each parish, and that each household is located within three miles of a clinic [See Figure 1] (3).
Two publicly-funded hospitals exist in the Federation, with one located on each island (Joseph N Frances (JNF) on St. Kitts, and Alexandra Hospital on Nevis). Together, these hospitals provide 217 total hospital beds. With a 2014 population of 55,000 (and a projected population of 63,000 in 2030), little testimony is required to suggest the importance of community clinics as a critical component of the federation's health infrastructure, which contribute to the efficient provision of care for the country (4, 5, 6) .
Further review of existing literature contributed to evidence which described the role of improper perceptions, usage, and ultimately dependence on ER services. One qualitative study described the lived experiences of Puerto Rican families caring for their child's asthma by using the ER for treatment. Their findings suggested that caregivers of asthmatic children felt that the ER was where their child would receive the best care for their asthma. These families also felt that the number of services offered at the ER was greater than those offered at local clinics (7) .
Similar perceptions may exist in SKN, resulting in the over-utilization of hospital ERs and creating a burden to the health system as a whole. Likewise, other research in the management of pediatric asthma demonstrated that a shift in responsibility of asthma care practices from caregivers to youth is a variable, uneven, and complex process. This shift in asthma management has been identified to influence how well management practices translate into an individual's ability to manage asthma later in life (8) (9) (10) (11) (12) (13) (14) (15) . Therefore, proper use of health care on Nevis will contribute to a child's development of successful management practices when they become more independent. Another study of the Federation's health system investigated parental knowledge regarding child asthma triggers and health seeking behavior (2) . It found that clinicians and parents alike shared the same level of knowledge pertaining to the severity of asthma and its triggers among SKN youth. With this knowledge, perceptions of asthma severity cannot be isolated as the key factor in the over-utilization of hospital ERs.
Proper use of ER services and greater utilization of the community clinics would provide a more efficient provision of services, impose less financial burden on individuals and on the health care system, and result in improved health outcomes for asthmatic children. This quantitative analysis of the prevalence and characteristics of pediatric asthma patient's presentations (or "visits") to the Alexandra ER provides concrete evidence of the pediatric asthma-related burden on one hospital in the SKN health system. This knowledge serves as a foundation with which to inform future health interventions, policies and research focused on Nevisian pediatric asthmatic patients' management of their asthma.
Methods:
We conducted a retrospective randomized chart review of ER medical records at Alexandra Hospital to provide a substantive representation of the pediatric patient population on Nevis, who depend on asthma therapy at the hospital.(16) To obtain the clinical information describing the presentations of this population, we required access to written medical records.
After receiving HSR-IRB approval through the University of Virginia (#18110), IRB approval from the St. Kitts and Nevis Ministry of Health, as well as signing a Patient Confidentiality Agreement, we were granted access to the medical records at the Alexandra Hospital ER. The various sources of medical records in the Alexandra ER, included: "New Cases Logs", "Daily Records Logs", and "Asthma Bay Logs" (each of which recorded different patients depending on the frequency and type of treatment received). These logs organized presentations treated in order of appearance by day. The presentations of all pediatric patients meeting our inclusion criteria from these logs were recorded into a spreadsheet.
Inclusion criteria required patients to be 0 to 10 years of age at the time of their presentation, and the presentation had to have occurred between January 1 st , 2012 and December 31 st , 2014. The ages of 0 to 10 years are the optimum age range, which would yield information on the parental-management strategies of caregivers, who often guide the decisions of pediatric patients. This time period was chosen based our ability to conduct a thorough analysis for a comprehensive timeframe that included complete data for each year reviewed.
The presentations of pediatric patients eligible for our study were recorded in a spreadsheet with the respective patient name and date of presentation documented. These lists averaged roughly 2,200 different presentations for each year reviewed. After these lists were alphabetized (priority set as: last name, first name) the multiple presentations for one patient were listed together, allowing for easy identification of a patient's presentation history for a complete year. A randomization method of selecting every 1/10 th distinct patient name was used for generating our samples. The patients selected for our samples, and each of their presentation dates, were then recorded on a form which contained a unique patient identifier number. This identifier number served as a crosswalk to be used on our chart review forms, allowing us to identify patients from our samples in the medical records. These cross-reference identifier assignment sheets were kept locked and separate from the data recorded on our chart review forms for the duration of the study.
With our samples of the pediatric patient population at the Alexandra ER, each presentation of every patient selected was revisited in the medical records. The relevant clinical data for each presentation were recorded to determine the patient's chief-complaint and the treatment that they received. If the presentation was identified as asthmatic, all of the relevant information provided in the medical records was documented on our chart review forms. For presentations to the ER for any complaints not consistent with our definition of asthma, no more clinical information was recorded. Through consultation with nurses, EMTs, and physicians at Alexandra Hospital, the following criteria were selected to determine if presentations were asthmatic or not: patients chief complaint included "Wheezing" or "Difficulty Breathing" (or a related phrase), and treated with Atrovent, Prednisone, Ventolin Inhaler, Ventolin/Salbutamol Nebulizers, or Hydrocortisone Stats. These medications were validated by physicians, nurses, and EMTs at Alexandra Hospital as the available treatment options for the management of asthmatic symptoms in this age group.
Our plans for statistical analysis included univariate and bivariate analysis of patient and presentation characteristics. ArcGIS Software was utilized to provide a geospatial analysis for our chart review data. Publically available shapefiles were accessed and converged with our findings to present potential sources of asthma triggers in parishes with a high representation of asthma in the Alexandra ER.
RESULTS

Sample characteristics
The samples for each of the years 2012, 2013, and 2014 are summarized in Table 1 . Nearly 11% of all patients from our three-year sample were asthmatic. Asthmatic representation among all presentations to the ER for the same three-year period was nearly 14%. Likewise, greater than 64% of all asthmatic patients from our three samples were indicated in the records as a "Known Asthmatic". Table 2 shows the prevalence of pediatric asthma found among the three years of data stratified by age strata, gender, reported home parish, and quarter of the year. Males accounted for a greater proportion of asthmatic patients and asthmatic presentations in each of the samples.
Stratified sampling and asthmatic representation
Children in the age strata of 0-5 years of age represented a greater proportion of asthmatic cases in all three metrics: asthmatic patients, asthmatic presentations, and asthmatic presentations by "known asthmatics". Evidence of high utilization among certain patients was noted. As shown in Table 3 , two patients each presented to the ER on ten occasions for the treatment of asthma in 2012. These patients together accounted for greater than 50% of all of the asthmatic presentations to the ER for our entire 2012 sample. Likewise, two patient IDs indicated among the most frequent asthma cases for 2013 and 2014 (ID# 210088 and ID# 200093), are for the same patient. Tables 4 and 5 show the frequencies and characteristics of medications and treatments prescribed for the management of asthmatic symptoms in this pediatric patient population. Ventolin or Salbutamol nebulizations are the most frequently provided therapy among all age strata and between both genders. A closer evaluation of the provision of nebulizations reveals significant differences in the number required to successfully manage symptoms in asthmatic patients.
Characteristics of medication prescribed
While there is little variation in the mode of nebulizations required among our samples, some records indicated patients who received up to four nebulizations in a single visit before their symptoms were managed and they were released from the ER.
DISCUSSION
The goal of this study was to provide the Ministry of Health with evidence to inform the current state of the provision and utilization of care for pediatric asthmatic patients, who present to the Alexandra Hospital ER. This is the first study to apply systematic chart review methods to Potential sources of asthma triggers in these highly represented parishes were explored using publically available shapefiles which describe recent drought assessment data. (17, 18) Noting Figure 3 , the region surrounding St. John and St. George parishes was determined to have severe drought conditions. Compromised air quality due to airborne dust from road traffic in these regions with greater drought conditions represents a potential asthma trigger for youth.
This may be particularly true surrounding residential areas and nearby schools, where youth spend much of their day. More in depth analysis of these shapefiles and the association between drought conditions and asthma severity is difficult due to the limited amount of publically available datasets on Nevis.
Our findings do however necessitate further research to investigate factors that negatively influence a child's ability to manage asthma symptoms (e.g. existing environmental triggers), and to conduct air quality assessments in these areas. Additionally, public perceptions of the care offered by community clinics and their perceived limited accessibility (e.g. hours of operation) must be considered. Negative perceptions of the care offered by community clinics may prevent caregivers from seeking a clinic's care rather than the ER. Influential factors in pediatric asthma patients' use of ER services include the perceptions, self-management strategies, and healthseeking behavior of their caregivers (particularly among children in the age strata of 0-5 years of age).
Children in this younger age range are likely unable to clearly articulate symptom severity to caregivers, therefore delaying crucial time for the patient. Consequently, exacerbated symptoms may lead them to seek care at the ER. Caregivers might benefit from educational information, or the use of tools such as an asthma action care plan, which would empower the caregiver to more clearly define what stages of symptom severity necessitate certain levels of care. Likewise, community educational sessions might aide caregivers in the use and maintenance of nebulizers owned in their own home. Alexandra hospital nurses and providers articulated that some households owned their own nebulizers, but sought treatment from the hospital when they were unable to use them or ran out of medication. Lastly, comparative chart review methods can be applied to the six community clinics located throughout Nevis to identify what proportion of their pediatric patient population seeks treatment for asthma.
We encountered several limitations during the implementation of this study. Extra efforts were required to clearly decipher information provided in the hand written records. The diversity in sources of medical records likewise complicated our collection of clinical information. These two limitations were mediated through regular consultation with nurse staff, EMTs, and physicians within the Alexandra ER. Additionally, cross referencing between these various medical record sources validated the information that was collected. We were not made aware of an additional source of medical records, "Pediatrician Logs", until late in the analysis phase of the research. These logs included patients who would have otherwise satisfied our inclusion criteria. However, with only one of two visiting pediatricians recording logs in a manner accessible to us, these logs would not have been appropriate for our review. We feel that our classification of asthma diagnoses for the purposes of this study was an accurate assumption, but it is possible that several cases were lost due to our definition and interpretations. Consequently, our estimates for the proportion of asthmatic cases among our pediatric samples are likely underestimates. Despite these limitations, we believe that we have created the most representative sample of this patient population to date.
CONCLUSIONS
Having identified a greater utilization of ER services by particular portions of this population, health care providers and staff at Alexandra Hospital, along with the Ministry of Health, should determine whether or not the dependence on these services creates a burden on the nurses and staff within the Alexandra ER. If the demand for the treatment of pediatric asthma in the ER does create a burden on their capacity of care, then the Ministry of Health can use this information for the appropriation of staff and resources, as well as designing interventions targeting these subpopulations, to mediate the burden exhibited on the Alexandra ER. 
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